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@ Dental restorative compositions. 

@ Two-paste dental restorative compositions cured by a 
free-radical-generating peroxide/amtne redox combination 
contain either or both of ethoxylated bisphenol A dimethac- 
rylate and propoxylated bisphenol A dimethacrylate, option- 
ally blended with bisphenol A/gtyddyl methacrylate adduct, 
as a monomeric matrix and one or more inorganic fillers 
selected from strontium aluminium borosllicate, barium 
aluminium silicate, barium aluminium borosllicate and mix- 
tures thereof. 
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^ 1 DBNTAL RESTORATIVE COMPOSZTtOMB 

PSfiCRIPTlOW 

This Invantign relttee to dental rMtorativa 
materisds. Slna«i dentlfttry was first practised, denxlets 
5 and patients alike have sotight the ideal restorative 

material and the search still continuss. "The litaratura 
shoffiB that many innovations have been published and 
patentedf some of itmbh greater signlj^icance than othacs* 
However « vithin the past decade , composite mat- 
10 erials based upon vitrebus filled conbinations of acrylic 
functional tnonoroers, pioneered by H^L. Bovren and des- 
cribed in U.S. Patent Specification 3,006, 112 | have 
gained both professional anfl public acceptiance and have 
proliferated in ever-*>inerea8ing variations. Within this 
IS proliferation, certain desirable and virtually essential 
characteristics have become generally recognised and 
established, namely^ (i) two-paste equi-ratio joixing, 
(ii) pre-shaded compoBitions for easy placement prepara- 
tion, (iii) a sufficient radiopaque filler content to 
20 enable certain radiographic detection to be effectedr 
(ivi adequate shelf stability, (v) physical properties 
approaching or even exceeding those of human tooth 
enamel and (vi) relative ease of finishing. 

One characteristic of • restorative compositions , 
25 %9hich is highly desirable when used for antorior restor- 
ations and is virtually essential vhen used for posterior 
restorations, especially in occlusal load-bearing loca- 
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1 tions, is sufficient abraalon-resistance to ensiare 
aialntenance ok reasonable anatomical foim for a 
duration of sevoral years. Comparefl with the abrasion 
resistance of the better aaiaagam ractoraticms, this 
5 characteristic has generally remained elneive during 
more than l5 years of deveXopnent of dental eonnpoBitas. 
Hbile masticatory forces nornially serve to bnrnlsh and 
polish the ooclueal etirface of amalgam restorations, 
in the case of composite restorations, a two-phaae 

10 erosion pattern is observable, whereby progressive 
erosion of the polymeric matrix results in evCTtual 
dislodgement of filler particles and this exposes new 
areas of the matrix to the erosion process. 

In order to retard this erosion process 

15 significantly, changes in the characteristics of bath 
the polymeric and vitreous phases appear to be nece- 
fisary^ The polymeric phase should remain relatively 
rigid, yet be less brittle and therefore tougher. This 
predicates monomer roclecules of fairly rigid structure, 

20 low polymerisation shrinkage and optimum croeslinklng 
density. The filler particles should be of optimum 
particle aise distribution for maximum volume fraction 
packing, have adequate hardness yet not be brittle and 
should closely match the refractive index of both tooth 

25 enamel and the polymeric matrix to ensure reasonable 
aesthetic appeal. 

Traditionally, the vast majority of composite 
dental restoratives have embodied a monomerio matrix 
consisting of BlsGMA resin, i,e, bisphenol A/glyol^l 

30 methacrylate adduct resin, diluted to a suitable 

viscosity with one or more diacrylate functional mono- 
mers. Most of these diluent monomers are of relatively 
low molecular weighty resulting in high polymerisation 
shrinkage, high crosslinking density atid brlttleness 

35 due to residual matrix Stress and high modulus, even- 
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1 t'OAlly fozming xnlcro-cracks. Following later work* 
R.L« &OW0II reported the dynthedls of a liquid 
euteotie moAOmer blMd based on ieomeric phthaloyl 
dinethaerylateSi but as yet thla has not achieved 

5 eoMmercial utility due to several ixiherent dia ad- 
vantages. 

There is thus a continuing need for 
improved abrasioji-resistant dental compoaiteB which 
overcome the above^notad disadvantages and this 
IQ invention seeks to provide such linprovee3 dental 

ccmpositea, advantageously in the form of two-pas'te 
ay stems* 

The uee of crystalline nonQBiers. wholly or 
as dllvents for Bi&GMA resin t has received little 

15 attention, particularly the use of crystalline laono- 
msrs of eloseZy-relatftd structure and molecular weight. 
It has surprisingly been discovered that both ethoxy- 
lated and propoxyXated bisphenol A dimethQcrylates can 
be obtained in a very pure crystalline state, by 

20 reacting bisphenol A with either ethylene or propylene 
carbonate as appropriate, followed by sstarificatloni 
though slight traces of irnptzrities cause liquif ication 
at ambient teznperatura due to their low melting point* 
When optionally blended In widely variable proportions 

25 with BisGHA arealn at slightly elevated teinper ature r 
dissolution occurs and the resulting solution remains 
stable with respect to freedom from crystal deposition, 
even after prolonged refrigeration. Furtheraiore^ 
following easy and rapid ainbient temperature copoly*-* 

30 rterlsation, a tough inoderately-crosslinked fracture- 
resistctnt polymer results, with Im attendant poly- 
Tnerization shrinkage. 

According to cue aspect of this invention, 
therefore > a dental restorative cQinpoaition is provided, 

35 which is curable by means of a free-radical-generating 
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1 peroxide/amine redox combination and comprising an 
acrylic functional monomer and at least one filler 
material, which is characterized in that the monomer 
comprises at least one alkoxylated bisphenol A 

5 dimethacrylate and that the filler material is selected 
from strontiiim aluminium borosilicate, barium aluminiiam 
silicate r barium aluminium borosilicate and mixtures 
thereof • 

The compositions of the present invention 
10 may advantageously include either or both of ethoxy- 
lated and propoxylated bisphenol A dimethacrylates , 
alone or in combination with BisGMA resin, but they do 
not comprise BisGMA resin alone. A desired concen*- 
tration of ethoxylated or propoxylated bisphenol A 
15 dimethacrylate, alone or in combination, is in the range 
from 15 to 30 weight percent. The BisGMA is preferably 
present, when used, in concentrations of up to 15 weight 
percent. 

If one of the above monomers or a blend of the 

20 two monomers of suitable viscosity is then highly 

loaded with fillers of optimal particle size distri- 
bution, chosen from the aforementioned particulate 
materials of suitable modulus and refractive index, 
together with the necessary catalyst and accelerator 

25 components plus optional pigments and stabilizers, a 

two-paste system can be formulated which, when adequately 
polymerized, exhibits abrasion resistance superior to 
that of all known commercial systems presently in use. 
A suitable size distribution for the filler particles 

30 is from 0.02 to 30 microns, with approximately 50 weight 
percent of the particles preferably being in the 1.0 
to 10.0 micron size range. The filler material may 
typically be present as a single material or as a mix- 
ture of materials in a total concentration of 70 to 85 

35 weight percent. The two pastes are normally always 
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1 3pai:ulate:a together, to Initiate the r«dox c^ftctlon, 
which results In polymeria at Ion and setting of the 
material. 

Two typical exastqples o£ such two-pAStO 
5 systesiQ are as follova: 
EXAMPLE X 
CATALYST PASTS 

ethoxylated tolsphanol A dimethacrylate luonoaor 
BisGHA refiln 
10 benxoyl peroxide catalyst 
UV fttosorber 

eubmlcron fii;Xieon dioxide 

atrontiuni aluminium boxosilicate flllor 

BJ^SB PASTE 

15 €tlK)35ylatea biftphenol A dimethacrylate monomer 
bIbQOA resin 

tertiary amine accelerator 
subniicron silicon dioxide 
barium aluminium borasilicate 
20 UV absorber 
pigments 
EXAMPLE 2 
CATALYST PASTE 

ftthoxylfttad bisphenol A dtmetbacrylate monomer 
25 benzoyl peroxide catalyst 
W absorber 

aubmicron silicon aiOdtide 

strontinm alminium boroailieate filler 

BASE PA5TE 

30 propoxylated bisphenol A dimethacrylate monomer 

tertiary amine accelerator 

UV absorber 

pigments 

evibmieron eilica 
35 barium aluminium silicate filler 
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A variety of synthetic vitreous materials 
based on melts containing stibstantial amounts of alvtmina 
and silica, plus a sufficient quantity of at least one 
metallic oxide designed to impart radiopacity, are 
preferred. Fused alumina possesses the necessary 
abrasion resistance, but is of unsuitable refractive 
index and is essentially nonradiopague • Many porcelain 
tooth glazes also possess the necessary abrasion resis- 
tance and refractive index, but are essentially non- 
radiopague. A combination of submicron silica and 
polymeric filler yields a composite which can be 
polished almost as smooth as amalgam, but has very 
poor abrasion resistance, though it is used commercially 
in at least two anterior restorative formulations. The 
submicron silica may typically be present in a concen- 
tration of up to 10 weight percent. It has been 
discovered that radiopaque fillers of vitreous materials 
containing substantial amounts of barium or strontium 
oxide fused with appropriate quantities of alumina and 
silica to yield stable leach- resistant glasses are 
particularly suitable for use with the above-described 
monomers. 

The following are further Examples of various 
compositions falling within the scope of the present 
invention. The percentages listed in the Examples are 
by weight: 
EXAMPLE 3 

A two-paste filled composite restorative material 
based on the standard peroxide/amine curing system and 
having the following final mix composition was prepared 
by mixing and reacting the ingredients by spatulation: 
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1 ethoxylated bisphenol A dimath&crylate 10* 475. 

bisphenol A/glycldyl xnethacrylate adduct 10 » 475 
benzoyl peroxide 0.23 
tertiary amine 0.20 

5 uv abaorber 0«10 
2 r 6-di-tertiary-butyl-para-cresol 0,02 
Btrontltm alumittlun boroalllcate 7_8 > 50 

100 « 00 

An abrasion rate of X.46 microlltrais/hour 
10 was neaaured for this .material seven daya from the 
time of mixing. 

A similar two-paste eoit^osite material 
utilising a peroxide/amine euxlng aydtem and having 

15 the follov^lng final vAm compoBltion was prepared in 
a manner eimilar to that set forth in Example 3« 
bisphenol A/glyeidyl methacrylate adduct 16,60 
triethylene glycol dimethacrylate (inhibited) 2.27 
butylene glycol dimetharrylate (inhibited) 2,09 

20 tertiary amine 0.2S 
UV absorber 0«20 
benzoyl peroxide 0.09 
strontium ^luninlum boroeilicate TB^SO^ 

100.00 

2S This conpoBltlan gave an increased abraeion 

rate of l.Ei iRlexolltres/hour, meaaured seven days from 
the time o£ jnlxlngr compared with tiie Tnaterlals of 
Example 3. 
EXAlgPLE 5 

30 Another peroxlde/amine cored two-paets com- 

posite material was prepared, having the following 
Clnai mix composition i in a manner similar to that set 
forth in Example 3 s 
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1 proposcylated btsphenal A dlflHsthacrylate • 21-50 

benxoyl peroxJ-fle ^*^^ 
tertiary amine ^'^^^ 
nV absorber 

5 2,6-di-tarttary-butyl-parB-oresol ^-^^ 
FDSC-flpproved pigment * ^ 

soboiieron silicon dioxide 

siaontiom alwftlniun boroailicete 2-i_- 

100.00 

niia io«*«riftl gave an abraaion rate o£ 1.55 
mlcrolitres/hour, meaBured seven days from the time of 
misting, which was not Blgnlficantly different from the 
material of Example 3. 

j5 X further perojildB/ajnlne cared two-paate 

coB?JOBite matarial, having "the following final ni« 
conpoBltion, was prepared in a manner slinilar to that 
pst forth in Example 3. 

ethoxylated bispheftol h dlioethaeryUts 18.69 

0.3O 

20 benseyl peroxide ^ 

tertiary amine ' 

0 . 09 

nv absorber 

a^e-di-tertiaiy-bvtyl-para-oresol O*'*^ 
•nhmieron eilieon dioxide ^-^^ 
25. barium alvBointum slLieate 41.10 
Btrontitjm aluminiiMO boroBllieate 3Z,12 

100.00 

This compoBition gave a BigjtiflcanUy reduced 
abrasion rate Of X.12 mlcrolitrea/bour, measured eeven- 
30 daye from the time of miacing, When campaied with the 
material of Example 3. 

An additional pBrostida/amiBB cured t»ro-paste 
eompoBite material, having the fciuwing final nix 
35 eoopoeition, was prepared in a naimer similar to that 



0049559 



5 



- 9 - 



set forth in Example 3: 

ethoxylated bisphenol A dimethacrylate 21 50 

benzoyl peroxide 
tertiary amine 
OV absorber 

2 /6-di-tertiary-butyl-para-cresol q 
suhmicron silicon dioxide 

strontium aluminium borosilicate nc\r. 

100.00 

This material gave an abrasion rate of 1 3i 
microlitres/hour, measured seven days from the time of 
mxxing, which was not significantly different from the 
material of Example 3. 
EXAMPLE 8 

Another peroxide/amine cured two-paste 
composite material, having the following final mix 
composition, was prepared in a manner similar to that 
set forth in Example 3: 

ethoxylated bisphenol A dimethacrylate 25 34 

benzoyl peroxide 
tertiary amine 
UV absorber 

0.115 

i-cresol 

submicron silicon dioxide 

8.08 

llicate 

barium aluminium silicate 



2,6-di-tertiary-butyl-para-cresol q 025 

submicron silicon dioxide 

strontium aluminium borosilicate 31 025 

34.75 
100.00 

An abrasion rate of 1.09 microlitresAour was 
measured for this material, seven days from the time of 
mixing . 

These examples show not only the scope of 
the present invention, compared to previously-mentioned 
commercially-available materials, but also the effects 
Of compositional variations on the abrasion rate of the 
respective materials. 
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1 Many compounSB may be u&Bd as typical 

ingrodien-ts serving the fuaetionB of oatalyst, 
accBlarator and inhibitor anfl/or UV absortoer ccan- 

.; »;.,W':-/v^;. . ponents, such as: 

aibensoyL peroxide 

lauaryl poroxida 

benaoyl acetyl peroxide 
10 flicyclohexyl peroxide 

ACCEliEBZLTORS. 
' diiaethyl-para-toluidine 

diethy I-pa ra-toluidine 

dihydroxyethyi-para-toluidine 
15 K,«-diBiethyl-3 ,5-sQrlldU>e 

para-(dlmethylamiBol-pbenylawtie acid 

tlffHIBITOHS 

hydroqulnone monomethyl ether 
2 , 6-di-t«rtiary-"butyl-para-cresol 
20 2-tertiary-butyl-4-iDathoxyphenol 
3-tertiary-but:yl-4-mathoxyphenol 

The catalysts, accelerators and inhibitora 
roay typically be present in concentrationa of up to 
1,0 weight percent. Other additives, euch as UV 
25 absorbers, are typically present in eones^ntrations of 
up to 0.5 weight percent. 

Very winy different polymeric matrix and 
filler combination B have been investigated with respect 
to abrasion reaistancCf using a ••protomatic" toothbrush 
30 abrasion machine, fitted with Colgate-TPalraolive "iRedium" 
toothbrush headS/ running in a simulated toothpaste 
slurry at 140 strokes par minute, with a fixed load of 
220 grams and a stroke of 5,7 cm (2.25 inches) for a 
total of 67,200 strokes per specimen , over a svept area 
35 of 9.7 cm (1.5 square inches), 5he results obtained 
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20 



25 



30 



for BXK coinmercial composite restoratives end the best 
else materialfi (Bxainples 3 - B) of the present Invoi-^ 
tion vere as follows: 

MLcaeelitxm/ 
Isoixr 



"Sliar" * {Miej?ofilled) 



Ii.D«C^nil3c Oo* 
S«5.Khita 

3M Oon^sa^ 
J ft J 



3»33 
2.34 
2.17 
2.15 
1.95 
1.81 
1.55 
1.46 
1.31 
1.12 
1.09 



"Profile" * 
"Blmulata" * 
'Ccndse'' * 

Strosttlum qlBBa/&lSGMfii/lS^3:m/B(JX^ 
strontium glsss/tspjUXA 
S m e n tliitt glass/ESPAElA/Blstafii 
Stznrrtiian glass/EBPOT^k 

stznntium glasa/ban.m alistii7K3Bilioate/E3PAI^ 
strgntiucR glaae/torium alandjiQ3ilic«te/&BFivra2^ 
* OMdEBnarlc of xespeetive casptar^ listed in Stable 
nsasuzed sevei days fron tine o£ mixing 

It is readily seen that the abrasion 
reslEtance of ccanmerclal composites varies considerably 
and even the worst have been claimed to be satljafactory 
in clinical studies using anterior teeth and selected 
classes of cavity. imong the materials of the present 
invention, namely the last six inaiierials listed in the 
Table, it can be seen that for a given filler system the 
abrasion resistance is alwe^ greater for the polymeric 
matrixes of this Invention and that the commereially 
available radiopaque vitreous fillers utilised indicate 
that strontium-containing fillers generally eadiiblt 
superior abraaion resistance. 
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1. A «ental re.tor«tlV« eoiBpo»ltion curable 
by me«i8 of a frw-radical-generatiTi? peroxide /amine 

eo»(bl«.tlon alifl con^nrislng an acrylic functional 
nsnomer ana at laast one ^iH" niaterial, 
diaracteriaod in „ , ^ ^ 

that th« iBbMWiar eonprlaaa at laaat cne aUcoxyiatea 
bi«ph«iol A dtoathacrylata and that the filler material 
18 gelactefl from atrontium alnniniim boroailleato . 
bariwn alianinlum alllaata» ),ari«. alu»iBl«. boroBillcara 

ana mlxtuxes thereof. 

2. A dental reetoratlv* oompoaitlon accerfllng 
to olaiiB 1, v.h.rein the mononwr cowprlses ethoxylated 
blaphenol A dimethacrylate. 

3. A dental reatoratlve cowpoaitlon according 
to claim I or 2, wherein the JBonomer cowpriaea propoxy- 
lated blaphenol A diaietbacrylate. 

A dental restorative composition according 
to claim 1, 2 or 3, Wherein the monomer ia either or both 
of ethoxylated bisphanol A dioetha cry late and pr^^oxy- 
lated biaphenol A dimethacrylate blended with bia- 
phanol A/glycidyl aiethacrylate adduct. 

5. A dental restorative composition aeeording 
to a»y preceding claim, which comprlseB 15-30 weight 

25 percent of ethoxylated bisphenol A at««thacrylate attd/or 
™ostylated bisphenol A dine thaexyl ate bltaded with 
bisiflienol Vgly=i«ayl methacrylate adduct and 70-85 veight 
pareent of the filler material. 

6. A cured composite dental restoration 
90 coKipoBition cwnprlBlng an acrylic functional monomer 

and at least one filler material, 
dbiaraeterised in 

that the cured composition consists eaBentially of: 
<a) lS-30 weight percent of at least one 
35 material aelaeted from ethoxylated bisphenol A dimeth- 
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1 a cry late and prcpcKylated bisphenol A ciiirethacrylate; 

(b) up to 15 weight percent of bisphenol 
A/glycidyl methacrylate adduct; 

(c) an activator; 
5 (d) a catalyst; 

(e) 70-85 weight percent of filler material 
selected from strontium aliminium borosilicate, barium 
aluminium silicate, barium aluminiiam borosilicate and 
mixtures thereof. 

10 7. A cured two-paste filled composite 

restorative material based on the standard peroxide/ 
amine curing system and having the following final 
mix composition by weight: 
ethoxylated bisphenol A dimethacrylate ) 

15 bisphenol A/glycidyl methacrylate adduct ) ^^^^O combined 
benzoyl peroxide 0.1-1.0 
tertiary amine 0.1-1.0 
UV absorber 0.05-0.50 
2 , 6-di-tertiary-buty 1-para-cresol 0.01-0.10 

20 strontiimi aliuniniiun borosilicate ) 
barium alinninium borosilicate ) 



25 



30 



70-85 combined 



35 



TOTAL 100.00 

8. A cured two-paste composite material 
having the following final mix composition by weight: 
propoxylated bisphenol A dimethacrylate 15-30 
benzoyl peroxide- 0.1-1.0 

UV absorber 0.05-0.50 
2 ,6-di-tertiary-butyl-para-cresol 0.01-0. 10 

submicron silicon dioxide 1.0-10.0 
barium aluminixmi silicate 70«-85 

TOTAL 100.00 

9. A peroxide/amine cured two-paste 
composite material having the following final mix 
composition by weight: 



li^cii ^ I or i_ I L/C li 
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eth«cylate« l>l»iflw«ol * tothaorylate I5r30 

O.l-l.O 

bensoyl perwtlde « , , - 

0,05-0.50 

absorber 

2 ,6-dl-tertiary-liutyi-pw:a-cresol q . oi-o . lo 

Bt*mioroii •Uleoii aioxlfla I.O-IO.O 
barium almDinlVBii ailieate ) ^^^^ a^hiXf 

atroRttwB alumlalm boroalUcate) ^ 

TOXAL 100.00 
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